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Description 

BACKGROUND OF THE INVENTION. . 

Field of .the Invention 5 

[0001] The. present invention relates to an antenna 
for mobile wireless communications mainly .used by a 
portable telephone or the like, and to a portable-type 
wi reless apparatus. w 

Description of the Related Art 

[0002] In recent years, technology relating to the 
portable telephone or the like has rapidly been develop- -15 
ing. In a portable telephone terminal, an antenna is one 
of specially important .devices and, accompanied by the 
miniaturization of the terminal, the antenna, is also 
required to be miniaturized and built-in. 
[0003] . One example of the, above described con- 20 
ventionaj antenna for mobile wireless communications 
will be described with reference to the accompanied 
drawing. 

[0004] ,. The conventional antenna for mobile: wire- 
less communications is shown in FIG. 21 . 201 is. a pla- 25 
nar antenna element, 202 a. feeding point, 203, 204 
.metal wires and 205 a conductive ground plate. The 
antenna element 201 is-fed from a feeding point 202 via 
the metal wire 203. Also, the antenna element 201 is 
connected to the. conductive, ground [ plate 205 via the 30 
metal;Wire 204. ; - - - 

[0005] - This is.usually referred to aS; Planar Inverted 
F Antenna :: ;/ PIFA and used in a portable terminal as a 
short and small size antenna. The radiation characteris - 
tictherepf is shqwnJn FIG. 22. . > , . „: 35 

[0006] , However, since the above described config- 
uration results in an unbalanced-type antenna, a large 
current flows into the ground plate 205 forming a body 
of apparatus, which acts as an antenna. A drawing typi- 
cally showing the current at this, time is shown in FIG. 40 
23. In this case, when the-human body grips the body of 
apparatus, the input impedance of the antenna is 
changed greatly so that the radiation characteristics are 
deteriorated. 

\ . : .. ■ " . 45 

SUMMARY OF THE INVENTION 

[0007] In ;view of the problems in the above 
described conventional antenna, an object of the 
present invention is to provide an antenna for mobile so 
wireless communications and a portable-type wireless 
apparatus using the same in which the current of the 
body .of apparatus is reduced, and the effect of the 
human body on the radiation characteristics.' is mini- 
mized much more. 55 

The. 1 st invention of the present :invention is an 
. antenna L for mobile wireless communications, com- 



prising two antennas, wherein feeding phases for 
said two antennas are substantially different with 
. each other. . . 

-The 2? d invention of the present invention is the 
antenna for mobile wireless , communications 
according to the 1 st invention, .wherein the differ- 
ence of the feeding phases between said two 
antennas is substantially 1 80 degrees. 
The. 3 rd invention of : the. present invention is the 
antenna for mobile wireless communications 
according to the 1 st invention, wherein said two 
antennas are arranged in close vicinity to an ground 
plate. 

The 4^ invention of the present invention is the 
. L . antenna - for mobile wireless- , communications 
according to the. 3 rd invention, wherein said two 
.;. antennas are of the same shape, and moreover, the 
ambient lengths of, the respective two antennas are 
either, the. same or different with each other. 
e The 5 th . invention, of the present invention is the 
antenna for mobile wireless communications 
. - according to the 4 th invention, . wherein . said two 
. antennas are arranged in, the location, where they 
become substantially axirsymmetric. 
The 6 th invention of. the- present invention is the 
antenna for mobile wireless communications 
, according to, the 3 rd invention, comprising feeding 
- iPpints connected to.each antenna, wherein, each of 
said two antennas, is in the shape, of a polygon or a 
rv : ^circle, and. each of said two antennas is configured 
by a metal pjate electrically short-circuited with said 
ground plate at least at one place.. ; . -'. 
: The v 7^ ^invention of the; present invention is the 
v ; antenna , for .mobile, wireless r communications 
- . according to the, 5* h invention, comprising the feed- 
ing points connected to each .antenna, wherein 
each of said two. antennas is in the shape of a poly- 
gon or a circle and each of said two antennas is 
configured by the metal plates electrically short- 
circuited with said ground plate at least at one 
place. 

The 8 th invention of the present invention is the 
antenna for wireless communications according to 
the 7 th invention, wherein slits are disposed with 
said metal plates at least at one place. 
The 9 th invention of the present invention is the 
antenna for wireless communications according to 
the 8 th invention, wherein a switching circuit capa- 
ble of electrically connecting an open end of the slit 
is connected to said slit. 

The 10 th invention of the present invention is the 
antenna for mobile wireless communications 
according to the 9 th invention, wherein said switch- 
ing circuit is configured by a series resonance cir- 
cuit, . 

,-. The 11 th invention of the present invention is the 
antenna for mobile wireless • communications 
according to the. 9 th invention, wherein,said switch- 
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ing circuit is "configured' by a parallel resonance cir- 
cuit. . " 

The 12 th invention of the present invention is the 
antenna 1 for mobile -wireless communications 
according to any of the 1 st to' 11 th inventions, 
wherein said two antenna are formed oha dielectric 
substrate. 

The 13 th invention of the present invention is an 
antenna for mobile wireless communications, com- 
prising: c - 

a conductive ground plate of a substantially 
rectangular shape; 

a dielectric substrate arranged on said cbnduc- 
: tive ground plate in close 1 vicinity" to the other 
end portion side of said both end portions with 
»' the center location 'of the long'rtudiriaf conduc- 
■ v. five ground plate as a basis; and s : ' 

5 two antenna elements of a substantially rectan- 

— "'■ *'gular shape formed'oh -said dielectric 1 sub- 
n ' - J strater " ' A ^ 

c- \ : v.ii . wherein" each ; of said two antennas has a feed- 
" ' 5 ihg point and at least 1 one through-hole and is 
electrically short-circuited with 'said conductive 
l * ground plate 6y the through-hole. ■'' ' 

;*,»ri:* -Tne :? V4^ 'fnvention of the present' invention : is the 
; ' antenna ' "for mobile wireless ' communications 
"° r acc6rdtng : tb"tne 13 th 'inVentionY'whereiri th£ :7 differ- 
^■-'iehbtfof the 5 feecling phases c for^aid r tw6'1antenna 
'elements is- substantia^ ; vi 

The 15 th invention of the present ihveritiori'ls the 

- • •- ^antenna*- 1 for' & rrfobi le J : wi reless ' 'communications 

• :r - according to the 13 th indention, wherein* said two 

: antenna elements are substantially of ah ax'hsym- 
' v metric structure? •;***»■:.»-,.- i • r. 
v The 16 th ' invention of the : present- invention is the 
• ' antenna • for mobile wireless communications 
according to the 13 th invention, wherein each said 
feeding point and each ' said throujgh-hole is 
arranged at the location where either of them 
becomes axi -symmetric. 

The 17 th invention of the present invention is the 
antenna for mobile wireless communications 
according to the 13 th invention, wherein a distance 
between said two antennas or a distance between 
said two antenna elements is a- length not greater 
than one-tenth of a wavelength corresponding to a 
length which is substantially two times an ambient 
length of each said antenna or each said antenna 
element. 

•-' The 1 8 th invention of the present invention is the 
'* antenna 1 for mobilie wireless communications 
' ■ according' to the 14 th invention, wherein each said 
feeding point and each said through-hole is 
arranged- in 'the location where either of them 
becomes axi -symmetric. . • 

• 'The- 19— invention" of the present invention is the 



antenna for mobile wireless communications 
according to the 14 th invention, wherein a distance 
between said two antennas or a distance between 
— said two antenna elements is a length not greater 
5 than one-tenth of a wavelength corresponding to a 

length which is substantially two times an ambient 
length of each said antenna or each said antenna 
element ' 

''*• The 20 th invention of the "present invention is the 
io antenna for mobile wireless 1 communications 
according to the 15 th invention, wherein each said 
feeding point and each said through^hole • is 
arranged at the location where either of them 
— ~ becomes axhsymmetric. ' 
is "- ' The 21 st 1 invention of the present 1 invention is the 
? v> antbnna for mobile wireless, communications 
according to the 15 th invention, wherein a distance 
: between said two antennas or a distance between 
said two antenna elements 5 is a length not greater 
id ' than one-tenth of a wavelength corresponding to a 
! - 'len^h'whichls substantially two times an ambient 
r,f ''' length of each said antenna or each said antenna 
element. 

'' , The J 22 nd invention of the present invention is the 
25 antenna- for mobile wireless - communications 
accbrding to any'one of the«13 th to the ! 21 st inveri- 
;}| : tfbVis? further comprising a balance-tb-unbalahce 
3?v circuit for" feeding 'said tWo antennas dr s£id : two 
• i} antenha^tem^hts/' < ; " " i; : ' 1 ; 

r 30 s !j -Th£ 23^' invention of the ; present 1 invention -is the 
antenna for mobile wireless corriniuhicatioris 
" : J ; -- according* t6'thW : *6 m MnVeYitidri; wherein each said 
• f: nrietal p I ate is of a rectan g u la r sh ape" ah d each ' p or- 
1 ti6Wift : which each of said two'metal plates arranged 
'35 in a substantially axi -symmetric location is electri- 
! cally short-circuited with said ground plate is in 
close vicinity to an outer peripheral portion of said 
metal plate. 

_The 24 th invention of the present invention is th 
40 antenna for- mobile wireless communications 

according to the 7 th invention, wherein each said 
metal plate is of a rectangular shape and each por- 
tion in which each of said two metal plates arranged 
in a substantially axi-symmetric location is electri- 
45 cally short-circuited with said ground plate is in 

close vicinity to the outer peripheral portion of said 
metal plate. 

The 25 th invention of the present invention is the 
antenna for mobile wireless - communications 

so according to the 23 rd invention, wherein said por- 
tion is in close vicinity to a side opposite to each of 
respective sides where said metal 1 plates arranged 
in said axi-symmetry stand face to face each other 
arid, viewed from said portion, each said antenna is 

55 fed from the feeding point in close vicinity to a cen- 
tral portion of said metal plate. 
The 26 th invention of the present invention is the 
antenna for ' mobile wireless communications 
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according to the 24 th invention, wherein said por- 
tion is in close vicinity, to a side, opposite to each of 
respective sides where said metal pjates arranged 
in said axi : symmetry stand face to face .each other 
and, viewed from said portion, each said antenna is 5 
fed from the feeding point in close vicinity to. a cen- 
tral portion of said rnetal plate. 
The 27 th invention of the present invention is the 
antenna, for mobile wireless communications 
according.tp the 23^ invention, wherein said two 10 
antennas are arranged by inclining to one of both 
. sides with the central portion of said, ground plate 
as a basis,, and each said. portion and Leach said 
feeding point is arranged in close vicinity to said 
one side. ' ■ r v 
The 28 th invention of the present invention, is the 
antenna for mobile wireless communications 
according to the 24 th . invention, wherein said two 
antennas are arranged by inclining to one of. both 
sides with the central portion of , said ^ground, plate 20 
as a basis, and , each said portion and. each said 
feeding point is arranged^ in close vicinity, to, said 
one side. 

The 29 th invention of the present invention is the 
antenna for mobile wireless communications 25 
according to the 23 rd invention, wherein said^two 
antennas are formed on a dielectric. 
The 30 th irivention..of*th& present, invention; is <the 
antenna for mobile wireless ^communicatiosns 
according to the <24^ inyentipni wherein said, two so 
antennas are formed pn ; the dielectric. ; , 

The 31 st invention of the present invention .is the 
antenna for mobile wire|ess 7 : > communications 
according to any one of the f 1®Vtp the 11 th ! inven- 
tions, wherein an operating frequency band is 35 
above UHF band. - - 

The 32 nd invention of the present invention is the 
antenna for mobile wireless communications 
according to any one of the 13 th to the 21 st inven- 
tions, wherein an operating frequency band is 40 
above UHF band. 

The 33 rd invention of the present invention is the 
antenna for mobile wireless communications 
according to any one of the 23 rd to the 30 th inven- 
tions, wherein an operating frequency band is 45 
above UHF band. 

The 34 lh invention of the present invention is a port- 
able-type wireless apparatus, comprising an 
antenna for mobile wireless communications 
according to any one of the 3 rd to the 11 th inven- 50 
tions using said ground plane as a ground plate on 
a dielectric circuit substrate having a ; ground plane, 
■ wherein said dielectric circuit substrate and said 
antennas or antenna elements are covered- with a 
case made of resin. 55 
The 35 th < invention of the present invention is a port- 
able-type wireless apparatus, comprising an 
antenna for mobile wireless communications 
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according to any one of the 13^ to 21 st inventions 
using said ground plane as a ground plate on a die- 
lectric circuit substrate having a. ground plane, 
wherein said dielectric, circuit substrate and said 
antenna or antenna elements are covered with a 
case of resin. 

The 36 th invention of the present invention is a port- 
able-type wireless apparatus, comprising an 

■-■ antenna for mobile wireless communications 
according to any one of the 23 rd to the 30 th inven- 
tions using said ground plane as a ground plate on 

, a dielectric circuit substrate having a ground plane, 
wherein, said . dielectric circuit substrate and said 
antennas or antenna , elements .are covered with a 
case made of resin, r ... . , 

DESCRIPTION OF THE DRAWINGS V 

[0008] r 

FIG. 1 is an abstract circuit diagram of an antenna 
. •;. for mobile wireless communications, in a first 
1 ; .embodiment of the present ■invention. , tl - 
..... FIG. 2 is a concrete circuit.diagram of the, antenna 
for mobile wireless communications jn ; the first 
, r embodiment of the present invention. . y. 
- FI G. 3A is a ^drawing showing the case where the 
distance between the antennas is narrow , for the 
■ , , .antenna fpr rnpbile^ wirjel^s con^murjicatiqnsrln the 
v -v-, first embodiment ptthe.present invention.. ; ; 
i: FIG.,3B is a drawing showing resonance f requency 

characteristics in FIG. 3A. , - 1 v 

. , ♦ ■ FIG. : 4.is,a concrete, circuit diagram of the antenna 
..for .mobile wireless communications, in a second 
embodiment of the present invention., . 
FIG. 5 is a concrete circuit, diagram of the antenna 
for mobile wireless communications in a third 
embodiment of the present invention. 
FIG. 6 is a drawing showing one example of the 
antenna elements of the antenna for mobile wire- 
less communications in the third embodiment of the 
present invention. 

FIG. 7 is a concrete circuit diagram of the antenna 
for mobile wireless communications in a fourth 
embodiment of the present invention. 
FIG. 8A is a type drawing describing operating prin- 
ciples when a switching circuit of the antenna for 
mobile wireless communications in the fourth 
embodiment of the present invention is off. 
FIG. 8B is a type drawing describing operating prin- 
ciples when the switching circuit of the antenna for 
mobile wireless communications in the fourth 
embodiment of the present invention is on. 
FIG. 8C is an explanatory drawing of realization of 
a broad band for the antennas in the fourth embod- 
iments. • 
FIG. 9 is a magnified drawing-of .the; antenna ele- 
ment of the antenna for,mobile wireless.cqmmuni- 
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cations in the fifth ' embodiment of the present 
invention. " * *' 

FIG: 1 0A is a typical diagram describing operating 
principles at the frequency f3 of the antenna for 
mobile wireless communications in a fifth embodi- 
ment of the present invention. 
FIG. 1 0B is a typical diagram describing operating 
principles at a frequency f4 of the antenna for 
mobile wireless communications in the fifth embod- 
iment. ' ■ - 

FIG. 10C is an explanatory drawing of the realiza- 
tion of the broad- band for the antenna for mobile 
wireless communications in-the fifth embodiment 
FIG. 11 is a magnified drawing 1 of theantehna ele- 
ment of the antenna for mobile'wireless communi- 
cations in a sixth embodiment of the present 
invention. J - • ■ ■ . . .■ .» • ■ . 

FIG. 12A is a type drawing describing operating 
principles at a frequency f5 of the antenna for 
mobile wireless communications in the sixth 
embodiment of the present invention. ' 
FIGl 12B-is a type drawing describing operating 
principles at a frequency f6 of the'antenn'a for 
mobile wireless communications- in the 'sixth 
embodiment. * " * ' •»**■. 
FIG. 12C is r an explanatory drawing of realization of 
trie-broad band for the antenna in the sixth'embod- 

FIG. 13hs a drawing-showihg'aahteihna' configura- 
tion of the antenna- for mobile weles&ccWmunica- 
tibhs" in rt a' seventh ^embodiment of trie -present 
invention. ; - ■ ; 4 r -' : •- ^ 

'FIG; 14 is a v topView of the antenna for mobile wire- 
less communication' in the 5 seventh embodiment of 
the present invention. : • ; • ; - •* 
FiGf 15A is a drawing showing radiation character- 
istics of the antenna for mobile wireless communi- 
cations in the seventh embodiment of the present 
invention. 

FIG. 15B is a drawing typically showing the current 
distribution of the antenna for mobile wireless com- 
munications in the seventh embodiment of the 
present invention. 

FIG. "»6A is a drawing showing the antenna for 
mobile wireless communications with a ground 
plate of 125 mm in length in the seventh embodi- 
ment of the present invention. 

FIG. 16B is a drawing showing an impedance of the 
antenna for mobile wireless communications with 
the ground plate of 125 mm in length in the seventh 
embodiment of the present invention. 
FIG. 16C is a drawing showing the antenna for 
mobile -wireless communications with a ground 
plate of 60 mm in length in the seventh embodiment 
of the present invention. 

FIG. 16D is a drawing showing the impedance of 
the antenna for mobile wireless, communications 
with a ground plate of 60 mm in length in the sev- 
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' ' entH embodiment: 

FIG. 17'isa drawing showing a concrete structure 
*of the antenna for mobile wireless communications 
in an eighth embodiment of the present invention. 
FIG. 18 is a drawing showing radiation characteris- 
tics of the antenna for mobile wireless communica- 
tions in the eighth embodiment of the present 
•'■ invention/ " • - 

FIG. 19 is a drawing showing a concrete structure 
■ of the antenna for mobile wireless communications 
'•'—in a ninth embodiment of the present invention. 

FIG: 20 is a exploded perspective view of a porta- 
' ^ ble-type wireless apparatus in a tenth- embodiment 
v '-' of the present invention.' 

FIG. 21 is a circuit diagram of a conventional 
11 antenna for mobile wireless communications'. 
FIG. 22 is a drawing showing radiation characteris- 
tics of the conventional antenna W mobile wireless 
v communications. " "~ : • - 
FIG. J 23 is a drawing showing schematically a cur- 
• : - rent distribution of the conventional antenna for 
mobile wireless communications. * ■ 
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45 PREFERRED EMBODIMENTS OF THE INVENTION 



(First Embodiment) 



[0010] . Hereinafter, an antenna for mobile wireless 
communications in a first embodiment of the present 
invention will be described with reference to the accom- 
panied drawings. 

[0011] " FIG. 1 abstractly shows a circuit diagram of 
the antenna for mobile wireless communications in the 
first embodiment of the present invention. 
[0012] *■ ' In'FIG. -i , 1 01 , 1 02 are built-in antennas, 1 03 
'is a feeding point of 101, 104 is a feeding point of the 
antenna 102 and 105 is a conductive ground plate. 101 
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and 102 are. of, a bisymmetric shape and. arranged axi- 
symmetrically. (a reference line 1.00 in -the drawing 
serves as an axis of symmetry), on the conductive 
ground plate 1 05. Also, these antennas.1 01^,1 02 are fed, 
substantially at the same amplitude and moreover sub- 
stantially at the same phase difference of 180 degrees. 
For example, in the case where. a feeding is made from 
an unbalanced line such as a coaxial cable or the like, a 
balanced-to-unbalanced conversion circuit 106 as 
shown in FIQ. 1 is used. 

[001 3] . A drawing concretely showing the circuit dia I 
gram of FIG.. 1 is shown in FIG. 2. In FIG. 2, 111, 112 
are planar antenna elements, 113, 114, 115, iVta-ane 
metal wires and 103, 104 are feeding points. Trie feed, 
ing point 103 of the antenna element I'M is.connected 
to the balancedrto unbalanced circuit 1 06 via the metal 
wire 1 1 3, Also, the antenna element 1 11 is connected to 
the conductive ground plate 1 05 via the metal wire 1 1 5. 
Also, the feeding point 104 of the planar, antenna eje- 
ment 1 12. is connected to the balanced-to-unbalanceci 
circuit 1 06 via the metal wire 1 1 4. Also, the antenna ele- 
ment 1,12 is connected to, the, conductive ground plate 
105 via the metal wire 116^ .' [. ". ' '.. \ \; 

[001,4] The antenna 101 of FIG : . 1, is configured by 
the .antenna element 1 11 and the metal wires ,1 13, 1 { 1 5 
of FIG. 2. Similarly the antennsi 102 is configured by the 
antenna element 1 12 and the metaLwires 1 14, 1 1 6. For 
example, a metal plate of a rectangular shape, is- used 
as the antenna elements 11 1, 112 and the conductive 
grpund pjate,105 is configured^y a metal .plate suchlas 
a copperplate orthejike. ^ ' r ^. ' J. "V/.. . 
[001 5] ... , Next, the operating .principles of the! present 
embodiment vvilLbe described: 1 ~. v ^ . 

[0016] ,.. The : two. antennas foi , 102. having, a- sym- 
metric cpnfiguration .in the present embodiment are 
arranged axi -symmetrically on the ground plate 105. 
That is, the antenna 101 and the antenna I02„are of a 
axi-symmetric structure with an axis of symmetry 100 in 
the drawing as a bas ; s and configured so as to have 
substantially the same, area and the same ambient 
length (which is represented by L). 
[001 7] Also, > in the antennas of the present embodi- 
ment, a balanced feeding is made at the feeding points 
1 03 and 1 04. The balanced feeding is usually made by 
using the balanced-to-unbalanced circuit 106 as shown 
in FIG.-1. 

[0018] Because of such a feeding, method as 
above, the current flowing, to the antennas. 101, 102 is 
not attributable to the shape and the size of the ground 
plate 105 or the location where the antennas 10.1, 102 
are arranged, but almost all current flows into the 
antenna elements 111, 112, while almost no current 
flows into the ground plate 1 05 forming a body of appa- 
ratus. For this reason, even if the human body holds the 
body of apparatus, the change in the input impedance 55 
of the antennas 101, 102 remains small. 
[0019] As a result, even if the human body holds the 
body of apparatus, the impedance matching between 



the antennas 101, 102 and .3 transmit-receive . circuit 
connected the antennas 1 0,1 , "( 02 does not drift.^thereby 
enabling .to control the deterioration of the radiation 
characteristics. ' [ 

5 [0020] . As described above, by makingthe balanced 
feeding by using the two built-in. antennas having a sym- 
metric structure like the present embodiment, the cur- 
rent, of the body - of apparatus which causes - the 
deterioration of the radiation characteristics when the 
10 human body holds the. body, of apparatus is reduced, 
thereby controlling the deterioration of the radiation 
characteristics by the human body. 
[0021] , As a result, the built-in antennas reducing 
the, effect of the hu ma n^ body cap, be realized. 
is [0022] Moreover, , in. the, present embodiment, by 
drawing the intervals between .the, two antennas /1 01, 
.102 (the, antenna elements 111 ,112) near to a distance 
not greater than 10% (0.2L) of the length 2 L (a length 
cprresponding to the wavelength X) which is substan- 
20 tially two times .the ambient length L of the antennas 
1,01 , 102 , a floating capacity between both, the. anten- 
nas is increased. .. .. ..... \ . 

[0023] This state is. shown in FIG. 3A. .131 is the 
floating capacity. With the, capacity generated "between 
25 the two antennas haying the same- resonance fre- 
quency, -a double resonance develops acting as,.balr 
anced antennas as shown in FIG. 3B so that the broad 
band for the antennas can be .realized. Here, F!<3. 3B is 
a drawing showing the resonance frequency characterr 
30 jstics^in theppnfigurat^ 

in FIG. 3B, the cpordinates axis is VSWB (a voltage sta- 
bilizing wave, ratjo). ; K w : "p r . , . '"j'" ' v ' , 
[0024] .- Moreover, ; in , the s present ' embodiment, a 
metal plate in the shape tof a rectangle js used for, the 
35 antenna, elements 1 1 1 and. 112. .However, . even if a 
metal plate in the shape of other than a polygon or a cir- 
cle is used, the same effect can be obtained. 
[0025] Also, in the present embodiment, the two 
antennas 101 and 102 are arranged on the conductive 
40 ground plate 1 05. However, even without the conductive 
ground plate, they are operated as the antennas by 
means of the balanced feeding and therefore can be 
configured so as not to be arranged on- the conductive 
ground plate. 

45 [0026] By being configured in such manner, the 
configuration in which the conductive .ground plate 
required in the past is removed ( can be realized so that 
the antennas can be designed to be more compact jn 
size and light in weight. 

[0027] Further, in case of the configuration without 
the above described conductive ground, plate or in the 
case where the conductive ground plate is disposed but 
electrically not connected to the antennas, the size of 
the antennas is required to be two times that of, the 
above described case. The relation between the ambi- 
ent length L' of the antennas- and the resonance wave- 
length X in, this case is s represented by L'=X,. Such a 
configuration is effective, for example, in the case where 
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an electrical connection between the conductive ground 
plate and antennas is difficult: * ' ■ * 
[0028] Also; in ; the present embodiment, the Anten- 
nas 101, 102 are arranged axi -symmetrically! However, 
without being arranged in such mariner, balanced oper- 
ations are performed so that the same effect' can be 
obtained. ' . • 

[0029] Also, in the present embodiment,' the metal 
wires 115, 116 are used for connecting the antenna ele- 
ments 1 1 i arid 1 12 to the conductive ground plate 105. 
However, the connection ! can be rnade by ! using metal 
plates also. * ; • • 

[0030] Even by ; beirig configured, in such manrier, 
not only the same 'effect can be obtained,' but also a 
structural strength can be iricre^sedr '" : 
[0031 ] Also,' ' the 4 resonance frequency can * be 
changed according as the rnetal wire is grounded or the 
metal plate is grounded. - ■ J --' 1 w 

[0032] Also, *^ in 'the " present" embodiment; tV thfe 
antenna- element is electrically' grounded at one place; 
H oweve r; ft* -may be' a Iso gr ou n died at ' s eve ra I p i aces. 
The electrical grounding at a plurality of places can Veal; 
ize the 5 broad band for the' antennas/ - u ; ^ 

[0033] "' ^ Also 1 , in the present embodiment, the^anten- 
rias TG i- arid -'102 ! are configured by the : antenna ele 1 
ments*- rtt'a'de 7 of ? metal plates ^and the -metal wires: 
However; they can- be configured also by tfie 5 antennas 
formed' WitrV dieiectrfd substrates ofcH'vpf antenhas : bdri- 
figured by ,; T^ 

furihermiriiaturization can be effected^frefer to* F^V~1 ; 3)1 
[0034] * f N/lbreover, ^in'the'pres^rit'eri^odim 
conductive ground plate 105 is configured by "the^metal 
plate such a's'a copper plate' or the like. However^ even 
if - it is cbrif igu re'd ' by the -'dielectric substrate ' having "a 
ground layer, the same effect can be obtained (refer to 
FIG: 20)'/ ' !i * ^ • - ■ • 

(Second Embodirrient) 

[0035] : Next, an antenna for mobile wireless com- 
munications in a second embodiment of the present 
invention will be described with reference to the accom- 
panied drawings. 

[0036] The abstract circuit diagram of the present- 
embodiment is the sarne with FIG. 1. FIG. 4 shows- a 
concrete circuit diagram of the antenna for mobile wire- 
less communications in the second embodiment of the 
present invention. 

[0037] In FIG. 4, the same reference nurherals with 
FIG. 2 are used fbr the same components with the first 
embodiment and, therefore, the description thereof is 
omitted/ '"" 1 

[0038] ' The present embodiment is different from 
the first embodirrient in that if the ambient length of the 
antenna element 111 forming an antenna 1 is repre- 
sented by a and the ambient length of the antenna ele- 
ment-! 12 forming an antenna 2 by b, the length of a and 
"bis-different with each other. ■* - 



[0039] * The' antennas of the present embodiment 
resonate with the wavelengths corresponding to the 
lengths substantially two times the ambient lengths of 
the antenna elements'. ' 

5 [0040]*. . Accordingly, by making the ambient lengths 
of the two antennas different with each other, the reso- 
nance frequencies of both antennas can^ be shifted, 
thus in this manrier, the broad-band for flat-inyerted-F 
antennas can be realized. 4 

10 [0041] To be concrete, if the differences between a 
and b are not greater than 10% of b, the balanced feed- 
ing' does not collapse so that trie broad band can b 
realized. • : ' - 

[0042]" Moreover,'* in the present Embodiment th * 

is two'antehhas 1 01 , 1 02' : are arranged on' the conductiv 
grouhd piate 105. 'However, similar to the first embodi- 
rrient, they can be also configured so as not to be 
arranged oh the conductive ground plate. - 
[0043] rJV * By' being configured in such manner, th 

26 configuration in which : the conductive ground plate 
required in the past is removed cain be realized so that 
th'e ;; aritennas canbe designed to be more* compact in 
size and light in weight * ' :1 * ' : * 

[0044] $ r Also, in the present ernbodimerit, the anten- 

25 . has 101 r an r d 102 sire arranged axi -symmetric. However, 
without ; being arrariged'iri such mariner, balanced- oper- 
ations are perforriri^d so that the seime effect can' be 
bbiainfed:' - '* : - 1 r '-~ '■' ' -'■ ~* *' 

pd4Sj ::; Also/ - the effect of ' th& 'antennas J of - the 

\3b present ferntfddirrierif , ^hat isptrie effect that the'- reso- 
nance frequencies can be changed can be realized by 
bh'srWgihg^e-physicar relationship between the feeding 
points and the ground plate -rhe'tal 'wires even by using 
the ariteriria elements of the same ambient length. 

'35 [0046] ' ' l'n ? the present embodiment, the broad band 
is realfzed by making different the ambient lengths of 
the two antennas. However, the broad band can be real- 
ized also by changing the physical relationship between 
the feeding points and ground plate metal wires with the 

40 ambient lengths of the two antennas made equal to 
each other. 

[0047] Also, in the -present embodiment, similar to 
the first embodirrient; the rectangular metal plates ar 
used for the antenna elements 111,1 12. However, even 

45 if the metal plates in other shape such as a polygon or a 
circle are used, the same effect can be obtained. 
[0048] Moreover, in the present embodiment, simi- 
lar to the first ernbodimerit, the broad band for th 
antennas can be realized by narrowing the intervals 

so between the two antennas. 

(Third Embodiment) • ' 

[0049] « Next, an antenna for mobile wireless com- 
55 municatioris in J the third embodiment of the present 
invention will be described with the accompanied draw- 
ings. * ! **'■' T * « 
[0050] • The* abstract circuit diagram of the present 




13 

embodiment is the same with FIG. 1. PIG. 5 shows a 
concrete circuit diagram of the antenna for mobile wire- 
less communications in the third embodiment of the 
present invention. In FIG. 5, the same reference numer- 
als are used for the same components with the first 5 , 
embodiment and, therefore, the description thereof is. 
omitted. . , . , ■ 

[0051] , . The, present embodiment is , different 1 from, 
the first and the second embodiments, in that the 
antenna elements 11 1 , 112 are configured by having a, 10 
slit in the metal plate of a polygon shape. The antennas 
of the: present embodiment also resonate at- the fre- 
quencies corresponding to the wavelengths substanr 
tially two times the ambient lengths. Accordingly,; with 
the structure made , in such manner. as. the present is 
embodiment,.. a miniaturization can be effected even if 
the antennas resonating with the same frequencies, are 
realized. . .<:■& 

[0052] Further, in the present embodiment, the slit 
is disposed at one place. However, as shown in FIG. 6,: 20 
even if the antenna element 11 7 disposing the slits at a 
plurality of places, is used, the same effect: can r be; 
obtained. \ ■■■ . ; •> >.% • ; ■- •!•• •.. 

[0053] Also, in the present- embodiment the two 
antennas 1 01 and 1 02 are arranged on the conductive 25 
ground plate 105. However, similar to the first, and the 
second embodiment, the;configuration in which they are- 
not arranged on the conductivevgroundrplatercan be 
also' configured, m ^.v- : ...v ov-.'v pl.Zlfj 

[0054] < By being configured ;in : such;:manneriv the 30. 
configuration : in -which the. conductive -ground '.plate 
required^in. tt}e:past is removed can be .realized so; that 
the antennas can be designed to be more compact in 
size and light in weight. 

[0055] Also, in the present embodiment, the anten- 35 
nas 101 and 102 are axi-symmetrically arranged. How- 
ever, without being arranged in such manner, balanced 
operations are performed so that the same effect can be 
obtained. 

[0056] Also, in the present embodiment, since the 40 
resonance frequency can be changed by changing the 
physical relationship between the feeding point and the 
ground, plate metal wire and also since the broad band 
can be realized by using a plurality of ground metal 
wires for grounding, the same effect with the first and 45 
the second embodiments can be obtained. 
[0057] Also, even by making the ambient lengths of 
the two antenna elements different lengths, the broad 
band can be realized so that the same effect with the 
second embodiment can be obtained. so 
[0058] Also, in the present embodiment, the metal 
plates in the shape of a polygon having a slit inserted 
therein is' used for the antenna elements 111 and 112. 
However, even if the metal plates in the shape of a circle 
having a slit inserted therein is used, the same effect 55 
can be obtained. - 

[0059] Moreover, in the present embodiment, simi- 
lar to the first.and the second embodiments^ by narrow- 
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ing the intervals between the : two antennas,. the broad 
band for the antennas can be realized 

(Fourth Embodiment) 

[0060] , Next, an antenna for mobile wireless com- 
munications in a. fourth, embodiment of the present 
invention will be described with the accompanied draw- 
ings. ■■ . . 
[0061] , The abstract circuit, diagram of the present 
embodiment is the. same with FIG, 1. FIG. 7 is a con- 
crete circuit diagram of the antenna- for mobile wireless 
communications in the fourth embodiment of the 
present invention. . . ... • > ,< 

[0062] .. In FIG. 7 t > the same reference numerals are 
used. for the same components with the third embodi T 
ment and, therefore, the description thereof is omitted. 
1,21, ,122 are switching circuits. For the switching cir- 
cuits, for example, diodes are used. 
[0063],i- The> present embodiment is configured/, in 
such manner that the switching circuit is inserted into 
part of the slit portion of the antenna elements 1 .1 h 1 1 2: 
The operating principles at this time will be described 
with reference to BIG. 8. * ^ : - •■ \ I'rlljy, 

[0064]- FIG. 8A,:FIG,, 8B are typical diagrams magt 
nifying-the -antenna elements in the ; present embodi- 
ment. A.-,-.- •• *. t y{ .-. s«; ili -;o : 'c.- '-tJ : . 
[0065] v ;When the switching circuit is : off (FIG* 8A)j 
the antenna, element, resonates with; the frequency^ cor- 
responding to : ,the wavelength ^substantiallyrtwo times 
the . ambient length, dt^of the antenna: elements 1 11, 
1;12: -The .3 resonance, frequency r; atvthis time is- repre- 
sented; by fir. - v . V;? > prvr u j v : . 
[0066] , : On^the ; other haind, when the switching cir- 
cuit is on (FIG. 8B), since the ambient length looks as if 
it short-cuts the slit portion due to the switch inserted 
therein, the element resonates with the frequency corre- 
sponding to the wavelength substantially two times the 
ambient length d2. If the resonance frequency at this 
time is represented by f2 3 f2 becomes higher than f1 
(FIG. 8C). 

[0067] By being configured in such manner, the res- 
onance, frequency f1 when the switching circuit is off 
and the resonance frequency f2 when it is on can be 
changed. And by controlling the length of the slit and its 
number, the manner in which the resonance frequen-. 
cies are changed can be set at random. 
[0068] As a result, the broad band for the antennas 
can be realized (FIG: 8C). 

[0069] In the present embodiment, the slit is dis- 
posed at one place. However, even if there is disposed 
a plurality of slits, the same effect can be obtained. At 
this time, even if the switching circuits are disposed at a 
plurality of places, the same eff ct can be obtained. 
[0070] Also, in the present embodiment, the switch- 
ing circuits are configured by diodesi. However, even if 
the switching circuits are configured by, for, example, 
other elements such as transistors and the like, the 
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same effect can be obtained. v ^ - 
[0071] Also, in the* present embodiment, the : two 
antennas 101, 102 are arranged on the conductive 
ground plate 105. However, similar tothe first," the sec- 
ond and the third embodiments, the configuration can 
be made in such manner also that the' antennas are not 
arranged on the conductive ground plate. 
[0072]- By being configured in such manner, the 
configuration in which the conductive ground plate 
required in the past is removed can be realized so that: 
the antennas can be designed to be more' compact in 
size and light in weight.- " • • ' i " - • 

[0073] Also, in the present embodiment, the anten-> 
nas 101, 102 are arranged axi-symmetrically. However, 1 
without being arranged in such manner? balanced oper- 
ations"*are performed 'so' that the' : same effect can be 
obtained." ■ •* • 

[0074] - Also, Tn the present embodiment/the metal 
plates in the shape of a polygon having a slit inserted 
therein are used for the antenna elements 1 1 1 and 1' 12-- 
However,-even if the metal plates in the shape of a circle 
having a slit inserted therein- are ; used, the same effect 
can be- obtained? 1 - : : ■■ * 5 ': ^ - - 

[0075] Moreover, in the present embodiment, - si mi- 
lar:to the first;-the second and the third embodiments, by' 
narrowing the intervals between the two aritennasV the 
broad band for the antennas can be realized. 
[0076] ; ) Also,* m the" present embodiment, since'We; 
reson ancerf reiq u e hey cart be chah ge d by- ch an g Vrfg the 
physical relationship-'between the feeding- point ! afhd'the 
ground plate metal- wife and also since the broad band 
can "be realized 1 by" using a plurality -of ground 'metal 
wires for grounding, the same effect with thef first; the 
second 'ahd'the third : embodiments can* be" obtained. ' .* 
[0077] v A1so/ eveh:by making the ambient lengths of 
the two antenna elements different lengths, the broad 
band can be realized r so that the same effect with the 
second embodiment can be'obtained. 

(Fifth Embodiment) ^ 

[0078] Next, an antenna for mobile wireless com- 
munications in a fifth embodiment of the present inven- 
tion will be described with reference to the accompanied 
drawings. 

[0079] The abstract circuit diagram of the antenna 
for mobile wireless communications of the present 
embodiment is the same with FIG. 1 , and since the con- 
crete circuit diagram is the same with FIG. 7, it is omit- 
ted. 

[0080] FIG. 9 is a drawing magnifying an antenna 
element portion in the present embodiment. 1 23 is a coil 
and 124 is a capacitor. The coil 123 and the capacitor 
124 are connected in series and form a^serial reso^ 
nance : circuit. The difference from the fourth embodi- 
ment iS'that the serial resonance circuit configured. by 
the coil: 123 and the capacitor 124 is used in a switching 
circuit^- •'. i 1 ~tj > ••*•.■»■-..»■ 



[0081] ' : The operating principles at this time will be 
described with reference to FIG. 10. ' 
[0082] As'showh in FIG. 10A to FIG. TOC, the fre- 
quency corresponding to the wavelength which is sub- 

5 stantially two Times' the ambient length d3 of the 
antenna element is 1 represented by f3, the frequency 
corresponding to the wavelength which is substantially 
two times of the length d4 by f4 and the resonance fre- 
quency of the serial resonance circuit(refer to FIG. 9)by 

10 f4. ~in case of the frequency f3,.an impedance- of the 
serial resonance circuit is extremely large and the circuit 
is almost electrically off. For this reason; the ! antenna 
resonates with the f 3 (refer to FIG.' 1 0A): ' 
[0083J- 1 Oh the other hand, in case of f4, the imp d- 

15 ance of the serial resonance circuit is close to 00. and 
the circuit is electrically on. For this* reason; since th 
ambient length of the antenna element looks like d4, the 
antenna resonates even with the frequency f4 (FIG. 
10B), . : - v ■:' " * : 

20- [0084]' : Thus, with the structure made in such man- 
ner as the presentembodiment, multi-resonance anten- 
nas can be realized without switching-operations so that, 
the broad band can be realized (FIG. IOC). * * 
[0085] / Moreover,- in* the present embodiment, « the : 

25 serial resonance: circuit is configured by the coii and the ■ 
capacitor. "However, even if it :is configured by other cir- 
cuit such as 'a distributed'constant line and the like, the 
Same-effect can • be obtained; r ;v • • - ■ ■ v/ .*> 

[0086] Also, in the present embodiment, ^the slit is 

3d disposed at-one- placed However; evenifvthere is-tfts^ 
posed s& ^plurality; *of slits^ the' -same Jeffect ./can ' 'be: 
obtained:' At this time, eve n if vthe -switch ing^ircuitsv are 1 
disposed at a pluralitycof places,^ the same effect can be 
obtained. <•* - ■ V *- * • 

35 [0087] Aiso, in "the present' embodiment, the two 
antennas 101, 102 are arranged on the conductive 
ground plate 105. However, similar to the first, the sec- 
ond, the third and the fourth embodiments, the^configu- 
ration can be made in such manner also that the 

40 antennas are not arranged on the conductive ground 
plate. 

[0088] By being configured in such manner, th 
configuration in which the conductive ground plate 
required in the past is removed can be realized so that 
45 the antennas can be designed to be more compact in 
size and light in weight. 

[0089] Also, in the present embodiment, the ant n- 
nas 101 and 102 are arranged axi -symmetric. However, 
without being arranged in such manner, balanced oper-' 
so ations are performed so that the same effect can be 
obtained. 

[0090] Also, in the present embodiment the metal 
plates- in the shape of a polygon having a slit inserted 
therein are. used for the antenna elements 1 1 1 and 1 1 2. 
55 However, even if the metal plates in the shape of a circle 
having a slit inserted therein-are used, the same effect 
can be obtained: •. .■*'* « - 

[0091] - Moreover, in the- present embodiment, simi- 
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lar to the first, the second, the third and the fourth 
embodiment, by narrowing the intervals between the 
two antennas, the broad band for the antennas can be 
realized. , . , . .. . 

[0092] Also, in the present embodiment, since the 
resonance frequency can be changed by changing the 
physical relationship between the.feeding point and the 
ground plate metal wire and also since the- broad band 
can be realized by using a plurality of ground. metal 
wires for. grounding, the same effect with the first, the 
second, the third and the fourth embodiments can* ;be 
obtained. v » v - . ... (W ;*-\?V' 

[0093] Also, even by making the ambient lengths of 
the two antenna elements, different lengths, the. broad 
band can be realized so. that the same effect with.the 
second embodiment can be obtained. . , . 

(Sixth Embodiment) , 

[0094] . Next, an antenna for mobile, wireless com 1 
munications in a six embodiment of the present inveo- 
tion will be described with, reference to the accompanied 
drawings: ; • .•?-« : - t .„>, ■; ; m 

[0095] The abstract circuit diagram of the antenna 
for mobile . wireless communications of the present 
embodiment is the.same with ;FIG.-1,/and ; isince a con- 
crete circuit diagram is the same, with FIG; 7;nit is omit- 
ted. 

[0096] FIG. 11 is a drawing magnifying, an -antenna 
element portion in the present embodiment. 1 23 is a coil 
and 124 is a capacitor.; The coil 1 23 .and the capacitor 
124 are connected- in seriesrand form a .serial,, reso- 
nance circuit -^y ; : j.i y O^livW,,' 
[0097] The difference from the f ifth ^embodiment* is 
that the serial resonance circuit configured by the coil 
123 and the capacitor 124 is used in a switching circuit. 
[0098] The operating principles at this time will be 
described with reference . to FIG. 12A to FIG: 12C. 
[0099] As shown in FIG. 12A to FIG. 12C,.the fre- 
quency corresponding to the wavelength which is sub- 
stantially two times the ambient length d5 of the 
antenna element is represented by f5, the frequency 
corresponding to the wavelength which is substantially 
two times of the length d6 by f6 and the resonance fre- 
quency of the serial resonance circuit (refer to FIG. 11) 
by f5. In case of the frequency f5, an impedance of the 
serial resonance circuit is extremely large and the circuit 
is almost electrically disconnected. For this reason, the 
antenna resonates with.the f5. 

[0100] On the other hand, incase of f6, by selecting 
an inductance value so as to sufficiently lower the 
impedance of the coil, the impedance of a parallel reso- 
nance circuit comes to Oft and the circuit-is electrically 
conducted. For this reason, the ambient length of the 
antenna element looks like d6 and the antenna reso- 
nates even with the frequency f6. \ ...,.< 
[0101]. ; Thus, with the structure made in such man- 
ner as .the present embodiment, similar to the. case of 



the fifth embodiment, the multirresonance antennas can 
be realized without performing the switching so that the 
broadband can r be realized. In other respects too, the 
same effect with the fifth embodiment can be obtained. 

5 [0102] - Further, in^the present embodiment, the par- 
allel resonance circuit is configured by the coil and the 
capacitor/ However, even if it is configured by other cir- 
cuit such as a distributed constant line and the like, the 
same effect can be obtained. 

to [0103]: . . Also, in the present embodiment, the metal 
plates in the shape of a polygon having a slit inserted 
therein is used for the antenna elements 1 1 1 and 112. 
However, even if the metal plates in the shape of a circle 
having a slit inserted therein are used, the same effect 

,75 can be obtained. , , :c _ ; =^ •. , — 

(Seventh Embodiment) - ; , . ; . . . 

[01Q4] : Hereinafter, an antenna for mobile j wireless 

20 communications- in; a .•.seventh, embodiment; of the 
present invention will be described with, reference .to the 
accompanied drawings. The, drawing in which a circuit 
diagram, is abstractly shown js the same, with. FIG /7, : ^ 
[01,05] , FIG. 13 shows a structure of the antenna for 

25 mobile wireless communications in the seventh embod- 
iment of the : present invention,; y. ,r ;> , : \ - 
[0106] Antenna : e!emer)ts 141 , 142:ir> : the shape of a 
rectangle are formed on a dielectric substrate , 143 and 
: the dielectric substrate ; 1 43, is formed on aground plate 

30 144. ^or, example, a dielectric of dielectricconstant 3:6 
.is.used for the. dielectric; substrate <1 43; The dimension 
thereof is. 30 mm in length, 15 mm in shortest side and 
.3.2 mm : in thickness; and ; the dimension of the antenna 
elements .formed thereon is 1 3, : mrn .x : 1 2:8. Also, the 

35 ground plate 1 44 is. a, metal plate of 125 mm Jnjerigth 
and 35 mm in width. . , f 

[0107] The, physical relationship between the , die- 
lectric substrate 143 and the ground plate* 144 is such 
that an end portion 1 of the dielectric substrate is 

40 arranged so as to be at the placeshifted 2 mm longitu- 
dinally frorrvan end portion 1 of the ground plate 144 as 
shown in FIG. 13. That is, the dielectric substrate 143 is 
arranged at the place shifted from the center against the 
length of the ground plate 144. The distance from an 

45 end portion s of the dielectric substrate 143 to an end 
portion 2 of the ground plate is 108 mm.. 
[0108] On the other hand, the two elements are 
arranged approximately atthe center against the short- 
est side. ■*■ ■ , : 

so [0109] Next, a top view, of FIG. 13 is shown in RIG. 
14. , . . 

[0110] 145, 146 are feeding points and 147, 148 are 
through-holes. The antenna elements 141, 142 are 
grounded to the ground plate 144 by the through-holes. 

55 [0111] In order to take=an impedance matching of 
the antennas. the feeding points 145, 146 are arranged 
- in close vicinity to the through-holes 147, 148;.. 
[0112] .Also, the feeding points 145, .146., are ^dis- 
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posed close to* the lower side in nhe drawing of the 
antenna elements 141 ; : 142, that is, close to the dielec- 
tric substfate- end portion 2 arid in the location (close to 
the center-portion' of the dielectric substrate" 143 in the 
drawing) of the. ^ side opposing to other antenna ele- 
ments: ; While, in the- present embodiment, described 
therein is the case where the antenna elements are 
arranged in the location close to the upper end portion 
in the drawing of the ground plateM44; On the contrary, 
however, if the antenna elements are arranged in the 
location close to the lower end portion, of the ground 
plate, the above described' feeding points will be 
arranged in.the location close to the dielectric substrate 
end portion 1. . . r. - -s < :. : t *r»! ■■ 

[0113] That is, if the distance between the dielectric 
substrate end portion 1 and the end portion 144a of the 
ground plate 144 is compared to the distance between 
the dielectric substrate end portion 2 and the end por- 
tion 144b of the ground plate 144,-the location closer to 
the dielectric' end portion of the long distance rather 
than 'the short distance will be chosen: - ■ ^ ' ■ & 
[01 1 4] - ; Thus] comparing to the'ease where both of 
the^feeding'pornt" 145 : («146) and the -through-hole T147 
(1 48) r are ,; arranged in the center portion of the antenna 
elemental 41 (142)" or both these points are arranged 
isolated at both ends of tlW'antenna eleme nts th is 'case 
%ill demonstrate the Effect that radiation ^characteristics 
:r bf^the-antehhas-are*much ^K ;f ^— 
-[Oil 5] ' "-As for a feeding methbd'Tsimilar to» the above 
^described' embodiment: the 4 -'balanced -feeding" is per- 
' formed Whefe the 'phase 1 difference between the' feeding 
' points' 145 : and 146 is set at substantially 1 80 degrees. 
As- a means for Veklizthg^such feedirigr for r example, the 
balanced-tb-unbalanced conversioh"circuit 1'06 such^as 
a U-typebWun circuit and the like is used. ' ■ ' 
[01 1 6] The radiation characteristics of the antennas 
of the present embodiment are shown. in FIG. ISA- 
[0117] It will'be understood that the antennas of the 
• present embodiment are different from FIG. 22 which 
shows radiation characteristics of the unbalanced type 
antenna of the prior art* but they are given characteris- 
tics similar to the radiation characteristics generated by 
*the current distribution of the dipole antenna as shown 
in FIG. 15B. • ' 

[0118] From this, it will be understood that/in the 
antennas of the present embodiment, almost all current 
flows into the antenna elements and the current flowing 
into the ground plate is small. 

[0119] Next, a drawing of the antennas in which the 
length of the ground plate in the present embodiments 
changed and a drawing of impedance characteristics 
corresponding to each change in the length are shown 
in FIG. 16Ato FIG. 1 6D. That is, FIG. 1 6A is for the case 
where the length of the ground plate 144a is 125 mm 
and the'characteristic diagram of this antenna is shown 
- in FIG. 16B. Also, FIG. 16D is for the case where the 
length of the ground plate 144b is 60 mm and the char- 
acteristic -diagram of this antenna is shown in FIG. 16D. 



[0120] From this, it will be understood that the 
impedance of the antennas is hardly changed by the 
length of the : ground plate. From this also; it will be 
understood that the current hardly flows into the ground 

5 plate.- • » v . - v- - . " 

[0121] Thus, with the structure made in such man- 
ner as the present embodiment, the current of the body 
of- apparatus can be reduced by performing the bal- 
anced feeding from the end portion side opposite to the 

10 end portion of the side of the longitudinal ground plate 
where the antenna elements are disposed. 
[0122] As a result, the deterioration of the radiation 
characteristics at the time when the human body holds 
the body of apparatus-can be reduced. Moreover, in the 

is present embodiment, the through-hole is disposed at 
one place. However* even if it is disposed at a plurality 
of places, the same effect can be obtained. 
[0123] Also, in other than this respect, the sam 
effect with the first embodiment can be obtained. 

20 [0124] In each of the above described first to sev- 
enth embodiments, by performing balanced operations 
using ,two. pieces of an unbalanced type antenna, the 
current flowing into the body of apparatus^ can be 
reduced.* <■ ^ * ' v. 't •*"' 

25 {0125] * • As a result, the effect on the antenna characr 
teristics' at the time when the human body . holds the 
body of apparatus: can be reduced. .»■:::■■ 

.(Eighth Embodiment). • * . '■ ; 

'■30 ItO. - ) a-J! v . i- i.M f*f;^ U \v; .. 

[0126] -Next, -an antenna? for ; mobile;. wireless "com- 
munications-Mn an eighth embodiment of the present 
invention will be described with reference to.the accom- 
panied drawings.^A drawing. abstractly-showing a circuit 

■35 diagram; is the same with FIG. 1 • f '. 

[0127] FIG: 17 shows an antenna structure of the 
antenna for mobile wireless communications in the 
eighth' embodiment of the present invention. The basic 
configuration of the present embodiment is the same 

40 with the configuration of the first embodiment as 
described in FIG. 2. In FIG. 17, the same referenc 
numerals are attached to the same components with 
FIG. 2. 

[0128] In the present embodiment, the size of the 
45 antenna elements 111, 112, the locations of the feeding 
points 103, 104, the locations of the metal Wires 115, 
116 connected to the conductive ground plate 105 and 
the distance between the antenna elements and the 
conductive ground plate are as shown in FIG. 17. The 
50 metal wires 115, 116 are arranged outside each 
antenna element and the feeding points are arranged 
3.5 mm inside from there. 

[0129] In the present embodiment too, similar to the 
first embodiment, the balanced feeding is performed 
55 with the phase difference of substantially 180.. degrees 
between the feeding points 103 and 104. As a result, 
similar tothe case of the first embodiment; since ,a cur- 
rent hardly flows into the conductive ground plate 105 



11 



21 



EP 1 094 542 A2 



22 



forming a body of apparatus, the deterioration of the 
radiation characteristics at the time when the human 
body holds the body of apparatus can be reduced. 
[0130] . The radiation characteristics of the antennas 
of the present embodiment are shown in FIG. 18, The 
radiation characteristics show that the largest radiation 
is observed in + X direction by which a coordinates axis 
is defined as shown in FIG. -18. This is because the 
amount of current on the antenna elements is the larg- 
est when the locations of the metal wires short-circuited 
with the conductive ground plate are shifted to +,Z direc- 
tion. Usually when the. human body holds this body of 
apparatus and assumes a posture of talking oyer the tej- 
ephpnei the + X direction is opposite to.theihead of the 
human body (refer to FIG. 20). That is. by enabling. to 
emit strongly in the X direction, the deterioration of the 
antenna characteristics by > ; the human body can be 
decreased at the time when the human body assumes 
a posture of talking oyer the telephone. 
[0131] Moreover, in the, present embodiment, the; 
- antennas 1 01 ,102 are configured by the antenna ele- 
ments made of metal plates and the metal wires, hi pw- 
eye r, t h ey can be > a Iso. : co nf igu re d , by : , the ante nn as 
formed by the dielectric: substrates, or by chip antennas 
formed by laminating dielectrics. By using, the dielec- 
trics, further miniaturization can be realized.-, - ; - 
[0132] . Moreover, .in the present embodiment, the 
conductive, ground plate 1 05 is, configured by the metal 
plate such as a copper, plate and the like. : Hqweyer, even 
if. it is configured by : the, -dielectric .substrate ha\'ing^a 
ground layer, the same effect can be obtained. ■. . .■■■ :ur . 

(Ninth Embodiment);.^ ^ ; . ; • ^ * 

[0133] Next, : an antenna for mobile wireless com- 
munications in a ninth embodiment of the present inven- 
tion will be described with reference to the accompanied 
drawings. The drawing abstractly showing a circuit dia- 
gram is the same with FIG. 1 . 

[0134] FIG. . 19 shows a configuration of the 
antenna for mobile wireless communications in the 
ninth embodiment of the present invention. The basic 
configuration of the present, embodiment is the same 
with the configuration of the first embodiment as 
described in FIG. 2. In FIG. 19, the same reference 
numerals are attached to the same components with 
FIG. 2. 

[0135] In the present embodiment, the size of the 
antenna elements 111, 112, the locations of the feeding 
points 103, 104, the locations of the metal wires- 115, 
116 connected to the conductive ground plate 105 and 
the distance between the antenna elements and the 
conductive ground plate are as shown in FIG. 19. Both 
of the antenna elements 111, .1 12 are arranged on the 
upper side portion (in close vicinity to the upper end por- 
tion of the conductive ground plate 105 in the drawing) 
of the conductive ground plate 1 05. At Jb.is time, both of 
the metal wires 115, 116 and the feeding points are 



arranged so as to be connected to each antenna ele- 
ment and the upper side portion of the . conductive 
ground plate 105. 

[01 36] , In the present embodiment too, similar to the 

5 first embodiment, the balanced feeding is performed 
with the phase difference of substantially i 80 degrees 
between the feeding points 103 and 104. As a result, 
similar to the case of the first embodiment, since a cur- 
rent hardly flows into the conductive ground plate 105 

io forming a body of apparatus, the deterioration of radia- 
tion characteristics at the time when the human body 
holds the body of apparatus can be reduced. However, 
because the current extremely concentrates on feeders 
and short-circuit ; plates, except for the case where th 

15 locations of the two feeding points, are identical, the cur- 
rent ultimately flows between the feeding points on the 
conductive ground plate. Similarly, the current ultimately 
flows between the short-circuit plates as well. For this 
reason, when the human body- holds the body of appa- 

20 ratus, the .more short the distance, betweenfingers ; and 
the .feeding points . on the conductive ground* plate and 
the short-circuit , plate becomes, the more deteriorated 
the antenna characteristics become. .Hence, by. arrang- 
ing the short-circuit plates and the feeding pointy on ,tbe 

25 upper side, portion of : each antenna element as shown in 
FIG. 19, the distance between the fingers. and the„short- 
circuit plates as well as the feeding points can, become 
more, distant so. that, the deterioration- of ; the antenna 

Ch5 . characteristics by ; the human body can be^reduced. 

30 [0137] .Mprepveri in • the > present embodiment,' the 
antennas 101, 102 are configured by, the, antenna, ele- 
ments made^ of -metal and the metal, wires. However, 
they can be configured also by the, antennas formed by 
dielectric, substrates or chip antennas configured , by 

35 laminating dielectrics. ,By using dielectrics, further-mini- 
aturization can be effected. - .... 
[0138] Further, in the present embodiment, the con- 
ductive ground plate 105 is configured by the metal 
plate such as a copper or the like. However, even if it is 

40 configured by the dielectric substrate having a ground 
layer, the same effect can be obtained. 
[01 39] Furthermore, the arrangement of the feeders 
and the short-circuit plates is not limited to FIG. 19, but 
preferably to any location where the distance from th 

45 fingers becomes more distant at least when the human 
body holds the body of apparatus. 

(Tenth Embodiment) 

50 [01 40] Next, a portable-type wireless apparatus in a 
tenth embodiment of the present invention will., be 
described with reference to the accompanied drawings. 
[0141] FIG. 20 is an exploded perspective view of 
the portable-type wireless apparatus . in the . .tenth 

55 embodiment .of the present invention as seen from the 
back side. r - ; ■ t , 

[0142] The antennas used . are the same, with^the 
first embodiment. In FIG. 20, the same reference 
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numerals are attached to the same components with 
the first embodiment and, therefore, the description 
thereof is omitted. ' • > 

[0143] In FIG. 20, 151 is a dielectric circuit sub- 
strate. 152 is a backside case made of resin which cov- 
ers a backside of the dielectric circuit substrateTT51 , and 
1 53 is a backside case made of resin which covers the 
backside of the dielectric circuit substrate 151 . Also, on 
the backside case 153, an'earpiece 153a in the shape 
of a slit is disposed in the place corresponding to the 
location of a speaker (not shown) arranged on the die- 
lectric circuit substrate 151 , and ah earpiece 153b in the 
shape of a slit disposed in the place corresponding to 
the location of a microphone (not shown): 
[0144] ' The dielectric circuit substrate 151 has* a 
layer on the surface in which a various kind of circuit 
parts is mounted and a ground layer on the backside, 
and uses the ground layer as a "ground plate of the 
antennas in the first embodiment. ,% 1 : y '■ 

[0145] :i That is, -the metal wires i 15; 116'are con- 
nected to the' ground layer of the dielectric circuit "sub- 
strate '151. 'Also, the surface 4 of the ; dielectric l circuit 
substrate '151 and the feeding point 103 existing on the 
£ritenha<element 1 11 are" connected 1 via the metaFwire 
'1 f 3: v lh' trie'iame manner, the surface of the dielectric 
circuit substrate 151 and the feeding point 1 1-04 existing 
bh- the-antenria element 112- are^connected via the 
metalwe if4^ * 9 : v ' ^ % Jo:i *" 

[#146] ' '' The portable-type wireless apparatus hasTa 
shape in 1 which' the-dielectric circuit' substrate -I 5f "and 
the a^nria :: el8hehEBM'11? 112 are covered with- the 
cases' maide of resin "152,- 153. Also, the cases T 52 \ -153 
are' configured 1 in sti'ch manner that; ; when 5 assembled, 
they are integrally "united; * : ' * ■ ' v: * 

[01 47] • In' the present embodimenttoo; similar to the 
first embodiment, since a current hardly flows into the 
ground layer of the dielectric circuit'substrate 151 which 
is the ground plate of the antennas, the characteristics 
of the antennas are not deteriorated even when the 
human body holds the portable-type wireless appara- 
tus. That is, the antennas perform the same operations 
with the case of the first embodiment, thereby realizing 
the portable-type wireless apparatus in which the 
antenna characteristics are hardly affected by the 
human body. 

[0148] Moreover, in the present embodiment, the 
dielectric circuit substrate is configured as the layer in 
which a various kind of circuit parts are mounted on the 
surface and the back side configured as the ground 
layer. However, even if they are configured otherwise, 
the same effect can be obtained. Also, even if a multi- 
layer substrate is used; the same effect can be 
obtained. 

[0149] - Further, in the present embodiment, the 
antennas are designated as those having the same 
structure with the first embodiment. However, the anten- 
nas of any one of the second to the seventh embodi- 
ment can be also -used. In this case too, since the 



antennas perform the same operations with the case of 
each embodiment, the same effect with the case of 
each embodiment can be s obtained- That is, the porta- 
ble-type wireless apparatus in which the antenna char- 
5 acteristics are hardly affected by the human body can 
be realized. 

[0150] Furthermore, the portable-type wireless 
apparatus is usually desirable to be in the size to the 
extent that it can be carried by a human being: In case 

10 of the portable-type wireless apparatus of the present 
embodiment, when operating with the frequencies 
above UHF band because of the relationship betw en 
the size and the length of the antennas to be' used, the 
wireless apparatus can be configured by the size in 

is which* it is carried by the human being without any hin- 
drance: '■ 

[01 T 5f] Still more, in the above described embodi- 
ment; the description is made for the case in which the 
antennas are disposed on the ground plate 1 and electri- 

20 cally connected to the ground plate: However, for exam- 

tyi pie; without being limited to this, the antennas may be, 
electrically not connected to the ground plate. Or the 
ground plate itself may be not available. In addition; the 
antenna is : not'- necessarily disposed directly on the 

25 groundplate, but may be disposed ifVthe vicinity of the 
ground plate"! "* C s - ; •* ' y " ■ 

[0152] Also; in the above described embodiment, 
the description is made for 'trie case where the differ- 
ence 'of the feeding phase for the 1 antennas 5 is substan- 

30 tially 1 80 'degrees: HoweveK • with tout being limitecf to 
thisfthe 'differehce of the feeding, phase rhay be ih the 
range of approximately 180 ± 30 "degrees. • V ' : - 
[0153] Also, in the above described embodiment, 
the description is made for the case where the structure 

35 of the elements is bisymmetric. However, without being 
limited to this, the shape of each element may be of a 
different structure. " ; 
[0154] Also, in the above described embodiments, 
the description is made for the case where the configu- 

40 ration of the antenna elements is substantially bisym- 
metric. However, without being limited to this, for 
example, the arrangement of both of the antenna I - 
ments may drift from the axi-symmetric locations. 
[01 55] As it is clear from the above descriptions, the 

45 present invention can provide the antennas for mobile 
wireless apparatus in which the current of the body of 
apparatus is reduced and the effect of the human body 
is minimized and the portable-type wireless apparatus 
using the same. 

50 

Claims 

1. ' An antenna for mobile wireless * communications, 
• comprising two antennas, wherein feeding phases 

55 for said two antennas are substantially different with 
each other.- . - 

2. 1 The -antenna* for mobile wireless communications 
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according to claim 1 , wherein the difference of the 
feeding phases, between said two antennas is sub- 
- stantially 180 degrees. 

3. The antenna for mobile wireless communications 
according to claim 1, wherein said two .antennas 
are arranged in close vicinity to an ground plate. 

4. The antenna for mobile wireless, communications 
according to claim 3, wherein said two antennas 
are of the same shape, and. moreover, the ambient 
lengths of the respective two antennas are either 
the same or different with each other.. 

5. The antenna for mobile wireless communications 
according to claim 4, wherein said two antennas 
are arranged Jn the location where they become 
-substantially axi -symmetric. 

6. The antenna for mobile wireless communications 
according to claim 3, comprising feeding points 
connected Jo each antenna,.. wherein each of .said 
two antennas is in the shape of a polygon or a circle 
and each of said two antennas is configured by a 

r metal plate electrically short-circuited , with r said 
g rqu n d p late at least at one pi ace . , - r . , % . , . . 

7. The antenna for mobile wireless communications 
according to claim 5, comprising the feeding points 

. • connected. to r each antenna, wherein each, of \ said 
; t / two antennas is in:the shape of a pplygon or a pircle 
-;, • . f and each pf H said two antennas .is conf igured by the 
metal plates electrically short-circuited with : said 
ground plate at least at one place. 

8. The antenna for wireless communications Record- 
ing to claim 7, ; wherein slits are disposed with said 
metal plates at least at one place. 

9. The antenna for wireless communications accord- 
ing to claim, 8 wherein a switching circuit capable of 
electrically connecting an open end of the slit is 
connected to said slit. 

10. The antenna for mobile wireless communications 
according to claim 9, wherein said switching circuit 
is configured by a series resonance circuit. 

11. The antenna for mobile wireless communications 
. according to claim 9, wherein said switching circuit 
is configured by a parallel resonance circuit 

12. The antenna for mobile wireless communications 
according to any of claim 1 to claim .11, wherein 
said two antenna are formed on a dielectric sub- 

- strate. - 

13. An antenna for mobile, wireless communications, 



comprising:,, ? 

, a conductive ground plate= ot. a substantially 
rectangular shape; 
5 a dielectric substrate arranged on said conduc- 

r .. .. tive ground plate in close vicinity, to the other 
end portion side of said both end portions with 
the center location of the longitudinal conduc- 
tive ground plate as a basis; and 
10. two antenna elements of a substantially, rectan- 

• gular shape formed on said dielectric sub- 
strate, ; . v 

wherein each of said two antennas has a feed- 
ing point and, at least one through-hole and is 
is .„.■, electrically short-circuited with said. conductive 
ground plate by the through-hole. 

14. The antenna for mobile wireless communications 
according to claim 1 3, wherein the difference of the 

20 feeding phases for said two antenna elements is 
substantial ly 1 80 , degrees. . v . , . . y 

15. The antenna for mobile, wireless communications 
; , according to claim 13, wherein said two .antenna 

25 . elements are substantially- of .an. axi-symmetric 
; ; structure, . ; . , . , . { ... . y ■ ,, 

16. The antenna for mobile wireless communications 
according to claim 13, wherein each said feeding 

3p , . . point and each said through-hole is arranged at the 
location where either of them.>ecpmes r axi-sym- 
v -.. metric. - 

17. The antenna for mobile wireless communications 
35 according to claim .1 3, wherein a distance between 

said two antennas or a distance between said two 
antenna elements is a length not greater than one- 
tenth of a wavelength corresponding to a length 
which is substantially two. times an ambient length 
40 of each said antenna or each said antenna ele- 

ment. 

18. The antenna for mobile wireless communications 
according to claim 1 4, wherein each said feeding 

45 point and each said through-hole is arranged in the 

location where either of them becomes axi -sym- 
metric. 

19. The antenna for mobile wireless communications 
so according to claim 14, wherein a distance between 

said two antennas or a distance between said two 
antenna elements is a length not greater than one- 
tenth of a wavelength corresponding to a length 
which is substantially two times an ambient length 
55 of each said antenna or each said antenna ele- 
ment. 

20. The antenna for mobile wireless ; comrnunications 
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according to claim 15, wherein each said feeding 
point and each said through-hole is arranged at the 
location where 1 either of them becomes axi-sym- 
metric. ' 

21. The antenna for mobile wireless communications 
according to claim 15, wherein adistance between 
said two antennas or a distance between said two 
antenna elements is a length not greater than one- 
tenth of a wavelength corresponding to" a length 16 
which is substantially two times an ambient length 

of each said antenna or each said antenna ele- 
ment. f ' • ■ 1 

22. The antenna for mobile wireless communications is 
according to any one of claim 13 ho claim' 21 .further 
comprising a balance-to-unbalance circuit for feed- 
ing 'said two antennas or said two antenna ele- 

' '■ "mehts: ' * • ■ - ! - - >' «* 

23. The antenna for mobile wireless communications 
according to claim 6, wherein each said metal plate 

• is ofa rectangular shape "and each portion in which 
' r< each' of said two' metal 'plates arranged' in a sub- 
' *" 'staritially ; axi-symmetric location is • electrically 25 
short-circuited with said ground plate is' in close 
vicinity to an outer peripheral portion of said metal 

v&i -,.z LV^sw ••; .^^wv,. 

24: The^^antennl 'fdrHfriobife' 'wlrelSsk'^mhWuhiciftions 3d 
~ u " %; according to claim 7, ? wherein each said metal" plate 
is of a rectangular shape and each portion in which 
each of said two metal plates arranged in a sub- 
stantially ' axi-symrrfetric location' ■ is t; electrically 
sh6rt : circuited* with 1 said ground' plate Is'irv close 35 
■ Vicinity to the outer peripheral portion of said metal 
{ plate. 1 ' ■' '■■ 

25. The antenna for mobile wireless communications 
according to claim 23, wherein said portion is in 40 
close vicinity to a side opposite to each of respec- 
tive sides where said metal plates arranged in said 
axi-symmetry stand face to face each other and, 
viewed from said portion, each said antenna is fed 
from the feeding point in close vicinity to a central 45 
portion of said metal plate. 

26. The antenna for mobile wireless communications 
according to claim 24, wherein said portion is in 
close vicinity to a side opposite to each of respec- so 
tive sides where said metal plates arranged in said 
axi-symmetry stand face to face each other and, 
viewed from said portion, each said antenna is fed 
from the feeding point in close vicinity to a central 
portion of said metal plate. ' 55 

27. The antenna for mobile wireless communications 
* ' ' according* to claim' 23; wherein said two antennas 



' are arranged by inclining to one of both sides with 
the central portion of said ground plate as a basis, 
and each said portion and each said feeding point 
is arranged in close vicinity to said one side. 

28. The antenna for mobile wireless communications 
according to claim 24, wherein said two antennas 
are arranged by inclining to one of both sides with 
the central portion of said ground plate as a basis, 
and each said portion and each said feeding point 

r ■ • is arranged in close vicinity to said one side. 

29. The antenna for mobile wireless communications 
according to claim 23, wherein said two antennas 

' 'are formed on a dielectric. 

30. ' The antenna for mobile wireless communications 

according to claim 24, wherein said two antennas 
are formed on the dielectric. 

31". The " antenna for mobile wireless communications 
i f according to any one of claim 1 to claim 1 1 , wher in 
' r an operating frequency band is above UHF band. 

32.* The aritenna for mobile wireless communications 
according to any one of 'claim* 13 to claim 21, 
wherein an operating frequency band is above UHF 
t; biand. '■ • -' ; ! * - -\ ' ; ' 

33^ : The atitenna for mobile" wireiess^communications 
s - " according 1 to'^ any one' of claim 23 "to ' claim 30, 
'wherein ah operatihg frequency band is above' UHF 

■^"bantf. ;; -- v "' ; ' ! ' , " i ■ , v--*: 1 

34. A portable-type wireless apparatus, comprising an 
antenna' for mobile wireless communications 
according to any one of claim 3 to claim 11. using 
said ground plane as a ground plate on a dielectric 
circuit substrate having a ground plane, wherein 
said dielectric circuit substrate and said antennas 
or antenna elements are covered with a case made 
of resin. 

35. A portable-type wireless apparatus, comprising an 
antenna for mobile wireless communications 
according to any one of claim 1 3 to claim 21 using 
said ground plane as a ground plate on a dielectric 
circuit substrate having a ground plane, wher in 
said dielectric circuit substrate and said antenna or 
antenna elements are covered with a case of resin. 

36. A portable-type wireless apparatus, comprising an 
' antenna for mobile wireless communications 

according to any one of claim 23 to claim 30 using 
said ground plane as a ground plate on a dielectric 
circuit substrate having a ground plane,- wherein 
said dielectric circuit substrate and said antennas 
,] ' or antenna elements are covered with a case made 
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